The Kms for esculetin and S-adenosyl-L-methionine for catechol O-methyltransferase from the yeast Candida tropicalis were 6.2 and 40 ,uM, respectively. S-Adenosyl-L-homocysteine was a very potent competitive inhibitor with respect to S-adenosyl-L-methionine, with a Ki of 6.9 ,uM. Of the catechol-related inhibitors, purpurogallin, with a Ki of 0.07 ,uM, showed the greatest inhibitory effect. Sulfhydryl group-blocking reagents, such as thiol-oxidizing 2-iodosobenzoic acid and mercaptide-forming p-chloromercuribenzoic acid, provided evidence for sulfhydryl groups in the active site of the enzyme. Yeast catechol O-methyltransferase is a metal-dependent enzyme and requires Mg2' for full activity. Zn2+ and Mn2' but not Ca2+ were able to substitute for Mg2+.
Mn2+ showed optimal enzyme activation at concentrations 50-to 100-fold lower than those of Mg2+.
Numerous investigations have shown that catechol 0-methyltransferase (S-adenosyl-L-methionine:catechol 0-methyltransferase; catechol methyltransferase; EC 2.1.1.6) (COMT) catalyzes the transfer of the methyl group from S-adenosyl-L-methionine (AdoMet) to one of the vicinal hydroxyl groups of catechols (2) , catechol steroids (3, 12) , catecholamine neurotransmitters (1), xenobiotic catechols (8) , and drugs (25) (Fig. 1) . The enzyme is distributed ubiquitously in plants, invertebrates, and vertebrates (16) . By immunocytochemical techniques mammalian COMT was localized extraneuronally in the brain (19) and in the liver parenchyma at and around the glycogen granules (28) . COMT activity was also found in several strains of the facultative pathogenic yeast Candida tropicalis and was highly purified (27, 30) . The enzyme was characterized immunocytochemically by light and electron microscopy and localized in the outer layer of the cell wall and at the plasma membrane (29) .
In the present report a detailed kinetic investigation of C. tropicalis COMT was undertaken. Kinetic properties of the endogenous substrates esculetin (26) and AdoMet and of various COMT inhibitors were determined. I felt it was also important to investigate the influence of sulthydryl groupbinding agents on COMT activity and to examine the requirement of the yeast enzyme for divalent cations. A possible reaction mechanism for the enzyme is discussed.
MATERIALS AND METHODS
Materials. AdoMet Yeast strain and growth conditions. C. tropicalis CBS 94 was kindly provided by W. Wildfeuer, Fa. Mack, Illertissen, Federal Republic of Germany. In routine experiments, 200-ml cultures in 500-ml Erlenmeyer flasks were grown aerobically in Sabouraud dextrose (2%) (wtlvol) broth on a gyratory shaker (120 rpm) at 30°C and harvested in the stationary phase by centrifugation at 5,000 x g for 20 min. The yeast cell suspension was washed three times with 20 ml of 10 mM potassium phosphate buffer (pH 7.6) containing 10 mM magnesium chloride, 10 mM sucrose, and 1 mM EDTA (disodium salt) (buffer A) and stored at -70°C. A stock culture of C. tropicalis CBS 94 was maintained on Sabouraud dextrose (2%) (wt/vol) agar at 4°C.
Preparation of COMT from C. tropkalis. Yeast COMT was prepared as described earlier (27) COMT, and 4 ,uM esculetin to produce a final volume of 0.5 ml. After incubation for 30 min at 37°C, the reaction was terminated by heat denaturation. To each sample were added 4. Kinetic measurements. The Michaelis constant (Kin) for esculetin was determined by varying esculetin concentrations from 1.2 to 5 ,uM and keeping the AdoMet concentration constant at 460, 46, or 7.7 ,uM. For determination of the Km for AdoMet, the concentration of this substrate was varied from 30 to 300 ,uM while the esculetin concentration was kept constant at 4 p.M. Kinetic parameters were extrapolated from Lineweaver-Burk plots of the reciprocal of velocity against the reciprocal of variable substrate concentrations.
For determination of the inhibitor constants (Kis) for various COMT inhibitors, e.g., alternate catechols and compounds isosteric with catechols, Dixon plots (9) of the reciprocal of velocity against increasing inhibitor concentrations at two fixed esculetin concentrations, 1 and 2 ,uM, were used. The inhibitor concentrations varied between 1 ,uM and 1 mM. In the case of AdoHcy as the inhibitor, the doublereciprocal Lineweaver-Burk analysis was applied to examine the type of inhibition. The Ki for AdoHcy was determined by varying AdoMet concentrations from 30 to 300 ,uM and keeping the esculetin concentration constant at 4 p.M. The AdoHcy concentrations were fixed at 15 and 37.5 ,uM. Assay conditions were standard.
Requirement for divalent cations. The replacement of Mg2+, essential for full enzyme activity, by other divalent cations was examined in the concentration range of 0 to 30 mM. COMT activation by Mn2+ was studied at concentrations between 0 and 0.3 mM. Sulfhydryl group-binding agents. The sulfhydryl group inhibitors (1 mM) p-chloromercuribenzoic acid, N-ethylmaleimide, and 2-iodosobenzoic acid were dissolved in 0.1 N sodium hydroxide, and iodoacetamide was dissolved in 0.5 M potassium phosphate buffer (pH 7.6). No ph change occurred upon the addition of the base-treated sulfhydryl group inhibitors (50 ,ul) to the incubation mixture. 
RESULTS
With the yeast COMT preparation (pH 5 sediment) and the esculetin concentrations chosen in this study, the reaction rate seemed to follow Michaelis-Menten kinetics. The enzyme was found to have the highest activity between pH 7.4 and pH 7.8 in potassium phosphate buffer. Double-reciprocal plots of velocity against various esculetin concentrations (1.2 to 5 ,uM) at three fixed concentrations of AdoMet yielded converging lines which intersected the x axis at one point (Fig. 2) . The Km for esculetin was determined to be 6.2 ,uM and was independent of the AdoMet concentration up to 460 ,uM. Also, no essential effect on the Km for esculetin was observed with magnesium chloride concentrations up to 10 mM and with highly purified COMT fractions from the DEAE-cellulose eluate. Lineweaver-Burk plots of the data obtained by varying the concentrations of 10 20 30 l/AdoMet(mMil ) 
mM
AdoMet within the range of 30 to 300 puM yielded a Km of 40 ,uM for AdoMet (Fig. 3) . In addition, a significant substrate inhibition by esculetin and AdoMet was not found in the concentration range tested.
Because yeast COMT is an AdoMet-dependent enzyme, product inhibition by AdoHcy was examined. Kinetic data clearly indicated strong competition by AdoHcy for the AdoMet-binding site. The Ki of 6.9 ,uM for AdoHcy was about one-sixth the Km for AdoMet. COMT turnover in yeast cells will therefore strongly depend on the AdoMet/ AdoHcy ratio. AdoHcy is the normal demethylation product of AdoMet and can undergo further degradation to homocysteine and homoserine. AdoHcy caused 50% inhibition (ID50) at 25 ,uM under the experimental conditions. Replacement of AdoHcy by homocysteine and homoserine resulted in a drastic loss of the inhibitory effect. Obviously, the adenosine moiety is involved in the catalytic reaction. Natural catechol substrates and analogs, e.g., gallic acid, gallic acid methylester, 4-nitrocatechol, purpurogallin, pyrogallol, and tropolone, proved to be very effective COMT inhibitors. Plots of the reciprocal of velocity against increasing inhibitor concentrations at two fixed substrate concentrations yielded straight intersecting lines above the x axis. Kis were found in the concentration range of 8 mM to 0.07 ,uM (Table 1) . Purpurogallin exhibited the strongest inhibitory potential. In all cases the inhibition was of the competitive type. Figure 4 shows the inhibitory effect of sulfhydryl groupblocking reagents (1 mM) on yeast COMT activity. In the presence of thiol-oxidizing 2-iodosobenzoic acid and mercaptide-forming p-chloromercuribenzoic acid, 0 methyl- Yeast COMT is a metal-dependent enzyme and requires Mg2+ for full activity. The relationship of enzyme activity to increasing concentrations of Mg2+ is shown in Fig. 5 
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.m JLM Ultrogel AcA44, and by isoelectric focusing on Sephadex G-75 as described earlier (27) . The kinetic data for yeast COMT presented here are also compatible with the assumption that there is only one enzyme activity, because the linearity of double-reciprocal plots over a wide range of esculetin concentrations showed the absence of contamination by other molecular forms in the COMT preparation. Also, the use of COMT from different purification steps did not significantly influence the Kms for esculetin and AdoMet.
The Km of 6.2 ,uM for esculetin was approximately oneseventh the Km for AdoMet (40 ,uM). This result illustrates the high affinity of esculetin for the substrate-binding site of the enzyme. No dependence of the Kms on changes in the respective cosubstrate could be shown, and the findings of the converging lines intersecting the x axis ruled out a substitution mechanism (the "ping pong" mechanism) but supported the assumption of a sequential mechanism according to the nomenclature of Cleland (7). This means that the formation of a quarternary complex including the enzyme, both substrates, and the metal cofactor was obligatory for the enzymatic reaction (13). Binding studies of the enzyme on affinity columns labeled with catecholamines, e.g., normetanephrine and 3,4-dimethoxyphenethylamine, without and with AdoMet, and inhibition studies with the catechol-related COMT inhibitors also favored a sequential mechanism (data not shown) (14) . The Kms for esculetin (24) and AdoMet (4) for rat liver COMT are about 1 and 9.5 ,uM, respectively, half an order of magnitude lower than the Kms for the yeast enzyme. These compounds therefore appear to be better substrates for liver COMT than for yeast COMT.
In contrast, rat brain and heart COMTs show much slower affinities (4) .
All of the examined catechol-related COMT inhibitors yielded Dixon plot patterns corresponding to a competitive type of inhibition. The bicyclic aromatic compound purpurogallin exhibited the strongest inhibitory effect. Product inhibition studies carried out with the AdoMet-related inhibitor AdoHcy at saturating levels of the nonvaried substrate esculetin revealed competitive inhibition with respect to AdoMet. These competitive inhibitory effects are consistent with earlier reported data on catechol-related (6, 10) and AdoMet-related (4, 23) COMT inhibitors for rat liver, heart, and brain enzymes. It is also interesting to note that rat liver COMT has a substantially lower Ki for AdoHcy (0.5 ,uM) (14) than does the yeast enzyme. Replacement of AdoHcy by homocysteine or its metabolic product homoserine leads to a marked reduction of inhibitory activity. This result indicates an essential involvement of the adenosine moiety in the substrate-binding site or catalytic reaction. Similar results after AdoHcy modifications, e.g., oxidation of the sulfur atom, decarboxylation of the homocysteine residue, deamination, and substitution of the adenine ring, were reported earlier (14) with rat liver COMT.
Studies of yeast COMT with functional group reagents, such as p-chloromercuribenzoic acid or 2-iodosobenzoic acid, point to the significance of sulfhydryl groups in the catalysis of the transmethylation reaction. Earlier investigations (3) (4) (5) with mammalian COMT supported the conclusion that the nucleophilic sulfhydryl group of cysteine may be involved in the active site of the enzyme.
The yeast enzyme is metal dependent, being active with several bivalent cations, such as Mg2", Mn2 , or Zn2+ (2, 3), but not with monovalent and trivalent cations (unpublished results). Ca2+, however, is a COMT inhibitor (32) , and the 50% inhibitory concentration was 8 mM in the presence of Mg2+. The bell-shaped dose response curve for Zn2+ could represent a physiological mechanism for the regulation of enzyme activity. As previously described (11) , the uptake of Zn2+ by C. utilis is an energy-and pH-dependent, highlyspecific process that requires reactive sulfhydryl groups and an intact membrane. Owing to the location of COMT in the plasma membrane (29) , the capability of the enzyme to chelate bivalent cations by virtue of the vicinal OH groups of the catechol substrates, and the presence of sulfhydryl groups in the active site of the enzyme, COMT might be involved in the regulation of the transport of bivalent cations throughout the membrane system.
Previous studies have also pointed to a central role of Mg2+ in Candida sp. morphogenesis (21, 31) . The induction of germ tube formation is the initial stage in the yeast-tomycelium transition. It can be induced by changing the gaseous environment from carbon dioxide to air and is attended by increased levels of AdoMet synthetase. The! specific activity of COMT increased over 10-fold when the yeast cells were grown aerobically on a gyratory shaker. In contrast, Saccharomyces cerevisiae is not able to undergo hyphal phase formation, and we could not find any COMT activity in this yeast (data not shown).
It remains to be resolved whether there is a direct correlation in Candida spp. between mycelium formation and the existence of COMT. However, Mg2+-deficient media and a decrease in intracellular AdoMet concentration prevent the normal air-induced shift from the yeast phase to the hyphal phase.
